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The hippocampus has been clearly implicated in
memory, but its precise role is unclear. Recent imaging
studies suggest that the hippocampus is particularly
concerned with the detection of novelty, as opposed to
the prefrontal cortex, which seems more concerned
with encoding associations.
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Many neurological studies have indicated that the
hippocampus, a structure located in the medial temporal
lobe, is essential to human memory function. If the
hippocampus is damaged bilaterally, a global impairment
of memory known as an amnesic syndrome is observed. If
the damage is located on one side only, material specific
deficits are observed — a lesion to the left causing a
primary difficulty with verbal material, and impairments
to the right causing deficits in remembering visual
information [1,2]. 
While there is no doubt about the involvement of the
hippocampus in memory, there is still considerable contro-
versy about exactly what role it plays. Extensive work on
the rat brain has provided convincing evidence that the
hippocampus, in rodents at least, is involved in the repre-
sentation of spatial environments [3]. Some evidence also
links the human hippocampus with spatial knowledge. A
recent study of London taxi drivers has indicated right
hippocampal involvement in the drivers’ memory for
routes [4]. However, many other studies indicate that the
hippocampus has a much more wide-ranging involvement
in memory [5].
Recent developments in the field of functional
neuroimaging might have been expected to solve the
problem of hippocampal involvement in memory quite
easily. Functional neuroimaging involves observation of
the brain’s pattern of activity while a particular mental
task is being carried out. By observing which brain areas
are most active during the performance of different cogni-
tive tasks, it is possible to map specific forms of mental
activity to particular brain regions. The most common
method of functional neuroimaging is positron emission
tomography (PET). This involves the injection of a
radioactive substance into the blood, followed shortly by
the subject carrying out a particular task while in the PET
scanner. Areas of the brain that are most active will be
using the greatest amount of blood supply and will there-
fore have higher levels of radioactivity than areas that are
less active. By detecting the levels of radioactivity in dif-
ferent regions of the brain, the PET scanner can establish
the pattern of regional cerebral blood flow (rCBF), with
those areas showing the highest rCBF levels being
assumed to be the most active.
In the field of human memory, the most striking finding
so far from functional neuroimaging studies has been the
demonstration that the prefrontal cortex has a role in
remembering. More specifically, it has been shown that
the left prefrontal cortex is most active at the point of
encoding — this refers to the various processes that
operate to create a new memory. In contrast, the right
frontal cortex has been shown to be most active when
people are trying to retrieve information from memory
[6]. Curiously, it has been less easy to describe a defini-
tive role for the hippocampus, and a number of funct-
ional neuroimaging studies have failed to detect
increased hippocampal activity during the performance
of memory tasks. 
A new study by Dolan and Fletcher [7] goes some way
towards answering this puzzle. Dolan and Fletcher’s
experiment focused on the fundamental distinction that
can be drawn between memory processes that detect that
a stimulus is novel, and those that establish associations
between stimuli whether novel or not. To examine this
further, they devised a procedure in which subjects heard
a ‘lead-in’ list of associated word pairs, such as “game,
bridge” or “dog, boxer”, where the first word was a cate-
gory name and the second an example of that category.
Subjects were instructed to try to remember the word
pairs. The critical period of the experiment is the ‘scan-
ning window’, because this represents the time during
which the PET scanner is sensitive to changes in rCBF
caused by the subject’s pattern of brain activity. 
During the scanning window, four types of word pair were
presented: New–New (new category, new exemplar, such
as “stone, granite”); New–Old (new category, old exem-
plar, such as “structure, bridge”); Old–New (old category,
new exemplar, such as “game, football”); and Old–Old
(old category, old exemplar, such as “game, bridge”).
Looking at these pairs, you will see that they differ in the
extent to which they represent changes in novelty and
association. New–New presents the greatest degree of
novelty, because neither member of the pair occurred in
the lead-in list; New–Old and Old–New present less
novelty, because one member of the pair occurred in the
lead-in list; and Old–Old presents no novelty, because it is
a repeat of a pair in the lead-in list. In terms of association,
however, the biggest change is represented by the
New–Old and Old–New pairings because here the associ-
ation has changed from that in the lead in list.
The results of the experiment were striking [7]. When
activity in the prefrontal cortex was measured, it could be
seen that maximum activation occurred in the left dorso-
lateral prefrontal cortex, and that this activation was great-
est when subjects were presented with changes in the
association between stimuli, as opposed to variations in
novelty. The left hippocampus, however, showed
increased activity during the task, and this activity was
strongest when New–New pairs were presented; it was
least active when Old–Old pairs were heard. Thus, the
hippocampus is maximally active when the novelty value
of the word pairs is highest. This experiment confirms
previous findings that implicated the left prefrontal cortex
in the encoding of new associations and, more impor-
tantly, indicates that the hippocampus has a key role in
the detection of novelty. The findings thus provide an
anatomical basis for the functional dissociation between
novelty and association in the memory process. 
How do these findings fit other ideas about hippocampal
function? Previous research has often linked the hip-
pocampus with ‘consolidation’ — the biological processes
that establish a new memory trace [5]. It would seem that
the present findings are consistent with this idea. By defi-
nition, a novel stimulus has not been previously encoun-
tered so one would expect the region of the brain
concerned with establishing a record of new experiences
to be maximally active at this point. Dolan and Fletcher
[7] also point out that their findings may explain why
others have failed to find hippocampal activation in
memory tasks. In functional neuroimaging studies, it is
often the case that the rCBF associated with a targeted
mental activity is compared with a baseline level of activ-
ity associated with a task unrelated to the one of interest.
In the case of hippocampal studies, it may have been the
case that the baseline activity had sufficient novel ele-
ments to obscure any sensitivity to novelty reflected in
memory task performance.
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